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Ticks as Virus Veotors in Eastern Europe

D. Bla¥kovid and J. Rehdlek
Institute of Virology, Czechoslovak Academy of Soiences, Bratislava,
Czechoslovakia

During the past 20 years there has been a oonsideraple in-
crease in our knowledge concerning viruses transmitted é;pm nature
to man and domestic animals by means of arthropod vectors. The
present number of these arthropod-borne (arbor) viruses amounts
to about 150, of which about 120 are partially classified. Every
year new viruses are being isolated either from veoctors or wild
living animals or man.

The new virus isolations are a result not only of improved
virus isolation techniques, but also of changed opinions concern-~
ing the role of both the virus circulating in nature and its
hosts, especially of its vectors. The starting positions change.
Whereas at the beginning there was basically only one problem,
namely the sick person or animal and ways how to prevent their in-
'fection by known prophylactic measures (vaooinstion, seroprophy-
laxis), attention is being paid recently to all factors involved
in the maintenance and circulation of virus in nature. .;1

A theoretioal basis for smeh a conoeption was offered by B.N. ‘
Pavlovaky (1939, 1940) in his teaching ‘? natural ool of 1nroo- é
tion and landscapc :2;h;=‘g;~?£svlovaky (1956) defines a natursl %

foous of infection *as a traet of oountﬂ _»! definite: geographi- ||
S - t7pe, sentatning hnwmn') 1a wieh certatn given Lnttrqnoiﬂo i

®) mbitat 1s & gesgraphioaily vell-defined aree Mtcrim
. ;_hl ths ;@a-cuoo of & purtiaular tlcrt and favine.
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from animal donor to animal recipient under conditions of the ex-
ternal environment conducive to, or preventing ciroulation of the

microorganisa among the partiocipants in such bioaenbse'.”> In

re) Biocenose is used here to refer to the "speoies-network"
which is the mutually connected assembly of living species within
thg ecosystem, the latter being defined as a particular geographki-
" cal and'climatic area together with the whole community of living
organisms, qfth plant and animal, existing in this physical en-

vironment.

this definition the term. microorganism includes not only viruses,
but also bacteria and parasitic protozoa. Emphasis is laid on the
eocologiocal relationships between the microorganism, its hosts and
the general character of the area, in which the microorganisms pat-
hogenic for man are oirculating. This gives rise to the idea that
an efficient prevention of transmissible diseases, this being syno-
transm Hed to the hogt by vecter
nymous with(?rbor virué?infectionqﬁ*illl oonsist of efficient mea-
sures taken direotly in the field after ascertaining all factors
determining the ecology of a virus or of the agent pathogenic for
Ban or animals. In this connection we should like to note briefly
that E.N. Pavlovsky agrees with extending his conception on natural
foei of infegtion also to plant viruses transmitted by leathoppprs j
from wild to oéop plants (Valenta 1956).
In mosquito-borne virus infeotions of man seme fimdings on the !
eeclogy of viruses and their hosts were stambed t.-i! 1ntro¢u0od
into practive very early. An example is the preventien and crldioatio3
tion of yellow fever 1: some areas. But even in tho ease of this |
oclassieal example ogdarbor virus infeotion so thoron.hly investi- ’

eated, further studies are mecessary om virus ecology. !ho sane

appliss with the huge work dome by different 1:vql#&|uilrn, c.q§~';l~ﬂ
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different parts of the world. They isolated many new virus species,
Lavs 1T et boens Likox

many of which(oannot yet be given in a causal connection)with di-

seases of man or domestic animals and which seem to await in thqg@

evolution and ecology their parasitic stage.

In Europe, ticks are known as vectors of viruses of the Russian
tick-borne encephalitis complex and of the virus of Crimean mm
hemorrhagic fever. The Russian tick-borne encephalitis complex in-
cludes viruses of louping-111 distributed in northern parts of
Great Britain and in FPinnland (Oker-3lom 1956), of Central European
tick~borne encephalitis& of bi-phasic meningoencephalitis “Smoro-
dintsev et al. 1959) and of Russian spring-summer (tayga) encepha-
litis (Zilber 1939).

The viruses mentioned form a group of antigenically very close-
ly related viruses, the differentiation of which to the individual
types, in general corresponding to the slight differences in patho-
genesis in monkeys (Ilyenko and Pokrovskaya 1960) and to the cli-
nical picture, was successfully solved by Clarke (1960) by absorp-
tion of sera and immunoprecipitation in agarf'Because all the vi-
ruses of the tick-borne encephalitis complex mentioned were found
in the eastern parts of Europe, they and their vectors will be
dealt with individually.

I. Louping-ill

The only vector of louping-ill virus is the tick Ixodes rici-

nus., The role of this tick in transmission of the infection has
become known long before the virus was discovered (Stockmann 1916,
1918, 1919, 1925). Works after 1930 (Pool et al. 1930, Pool 1931 a,

‘b, Greig et al. 1931, Gordon et al. 1932, Mac Leod 1932, Mac Leod

and Gordon 1932, 1933, Mac Leod 1936) showed definitely that in- f

dividual instamsof I. ricinus ticks collected in pastures where §

the disease had oocurred and those whiech moulted from infeotious

preceding instars ocould tranamit the virus to healthy susceptible
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sheep. The existence Qf virus has been confirmed in the labora-
tory. Macleod and Gordon (1932) d4id not succeed in demonstrating
transovarial transmission, although transstadial transmission was
demonstrated on several occasions by the authors mentioned. Trans-
stadial transmission of virus from larval to nymphal instars was

shown experimentally in Rhipicephalus appendiculatus ticks by Ale-

xander and Neitz (1933).

I. ricinus females which sucked on viraemic mice,x were remov-
ed from them and allowed to engoerge on susceptible sheep, transmit-
ted the virus to the latter (Gre¥fkov4 and Rehééeg 1959). In the
case of a strain of low virulence both the viremié:é;d excretion
of the virus in the milk was 4n hhmmm sheep erratic and irregular.

regularly
However, a virulent strain leQXto a viremia lastin%ﬂfgijlonger pe-
riods and to virus excretion in the milk (Greéikovéfi960).
II. Tick-borne encephalitides

1. TIsolation of virus from the field

We shall review briefly the history of isolations of the tick-
-borne encephalitis viruses, i.e. of the Russian spring-summer
(the so-called tayga) encephalitis, bi-phasic meningoencephalitis
and Central European encephalitis viruses.

In 1938,hmmbated Levkovich and co-workers (Zilber 1939) isolat-
ed a virus causing severe encephalitis in man in the PFar East of
the Soviet Union. Chumakov and Zeytlyonok (1939) obtained virus

strains from Ixodes persulcatus ticks in the Ural and Transural

regions by allowing larvae to feed on mice as well as by inoculat-
ing mice with tick suspensions. At about the same time the virus

was isolated from I. persulcatus ticks by Shubladgze and Serdyukova

(1939) and Smorodintsev (1939). Pavlovsky and Solovyov (1941) test-
ed experimentally and extended previous findings on the virus cir-
culation in Haemaphysalis concinna ticks (Ryshov and Skrynnik 1941).

In Central Burope, isolation of tick-borne encephalitis virus
Sanitized Copy Approved for Release 2011/01/19 : CIA-RDP80T00246A011900150001-3
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from I, ricinus ticks was first reported by Rampas and Gallia
(1949) in Czechoslovakia. In Poland, the virus was isolated from
the same tick species by Przesmycki et al. (1954), in Hungary by
Fornosi and Molmdr (1954), in Austria by Verlinde et al. (1955),
Grinschgl (1955) and van Tongeren (1955) mmd,in Sweden by von Zei-
pel (1958, 1959) and in Germany by Wigand (1960). Viruses were
isolated from man in Yugoslavia (Vesenjak et al. 1955, Kmet et al.
1955, Bed jani& et al. 1955)Cl umania (Draganescu 1959). The occur-
rence of tick-borne encephalitis in Bulgaria was confirmed serolo-
gically (Vapzarov et al. 1954, 1956).

A further species of tick, Qgggggggpgf‘§;1ﬁgyu@, was reported
as occasional vector of the spring-summer encephalitis virus. In

western Siberia the virus was also isolated from the tick Ixodes

plumbeus Leach parasitizing on birds. In Central Europe, the virus

et e T

was 1solated from Dermacentor marginatus ticks collected in nature

(Libfkova and Madi¥ka 1955, Libikovéd and Albrecht 1959).
The bi-phasic meningoencephalitis virus was isolated in the
Leningrad region from I. ricinus ticks (Smorodintsev et al. 1953).
The percentage of virus infected ticks in nature varies. Smo-
rodintsev (1939) reported 2.5-5% in one locality, but on other

1958)
occasions 8% (Smorodintsev 1953) or even 25% (Smorodintsev, porgv-

reltommunioation). In Czechoslovakia there are also differences
in different pmmm regions in the same year and season, but isola-
tions are on the whole rare. For example Libikovi (1956) did not
obtain any virus strain from 21,130 I. ricinﬁs ticks, whereas
Radvan et al. (1956) obtained 10 strains from 4,680 ticks in another
Foona.

2. The persistence of virus in ticks y

The tick-borne encephalitis virus persists in individual in-
stars of engorged ticks during the whole stage until metamorphosis

1s completed, even if this lasts (e.g. in winter) several months.
Sanitized Copy Approved for Release 2011/01/19 : CIA-RDP80T00246A011900150001-3



150001-3
lease 2011/01/19 : CIA-RDP80T00246A011900
SanmzajCo% p@OﬁTngﬁgg experimentally examined, the virus persists

in starving ticks after completed metamorphosis during the whole
period of the next instar, the duration of which period is variable
and depends on temperature and on the time the tick needs for find-
ing a new host. Under experimental conditions the virus persisted
in starving I. ricinus females for up to 9 months at both room tem-
perature and +4 C (Benda 1958 a). Under vuch conditions the vi-

rus persisted for varying periods in ditterent tick species: for

28 days in Dermacentor silvarum (Skrynnik and Ryzhov 1940), for

A0 days in an Ixon§“persulc§§33 female and 14 days in Haemaphysa—

————

lis concinna (Smorodintsev 19393 and for 5 days in Q§§;§§qurus
moubata (Kolman 1955). The time for which the virus persists in
ticks becomes longer if the time of transmission from one instar
to another is included: up to 14 months in D s11varum (Skrynnik

ani Rmpm Ryzhov 1940) up to 26 months in T, persulcatus, 12 months

e e - s e t——— .+ < e o —

in both I. z}clnus (Chumakov 1944 ) and H. __concinna (Kozlova et al.
1941, o

The percentage of ticks which can be infected experimentally
varies from 60 to 90% (Benda 1958 a).

In engorged ticks there was evidence of virus multiplication.

In I. persulcatus ticks virus multiplication proceeded up to the

40th day after engorgement; up to the 60th day the virus titer
decreased (Shubladze and Serdyuk 1939). Virus multiplication takes
place in any instar of I. ricinus ticks after sucking infectious
blood. In the course of the first 2-4 weeks the virus titer inerea-
ses by about 1-3 log units, which is explained by virus Penetration
into cells of organs and its multiplication therein. After that
the titre of virus decreases by about 1-2 log units or it remains
unchanged until metamorphosis of the tick (Benda 1958 a).
Drowlpig: 2
When following the titer of virus during the subsequent instars

of the tick, a further decrease c:u be observed (Table 1).
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A decisive effectson the amount of virus present in a starving
instar of tick and on $hat whether the virus will persist in the
next instar a2t zll is exerted by the host 1t%elf,i;hi;£ can be
non immune, immune or whieh can undergo viraemia. In the latter
case reinfection of the tick will take place. Zlood from =2 non im-
mune animal will cause either no change in the virus titer in the
tick, or its decrease, or ﬂ‘Z;. will be impossible to demonstrate
the virus. Sucking the blood on an immune host leads to a decrease
in the titer of virus, or to irregular demonstration of virus, or
complete neutralization of virus in the tick “3enda 1958 a).

. /“/"pﬂ?& 3

Antibodies in the host s blood thus exert a considerable ef-
fect on the amount of virus present in ticks and, fin2lly, on the
amount of virus present during a certain neriod in the natural fo-
cus of infection. Viremia will not develop in immune animals when
infested with infectious ticks. Thus immune animals cannot become

by their antibodies
sources of infection for non infectlouo ticks, butAthey can in-
fluence considerably the virus in the vectors. The virus titre
in the latter can decrease or the virus can be completely neutraliz-
ed. The latter case can occur only if the virus is present in the
intestinal tract. However, if it already spread to the individual
tick organs, immune blood can neutralize only the virus present
in the intestinal tract. But even in this case the quantitative
relations are considerigly affected, because the intestinal tract
harbors the max;;;ﬁng‘virus. The next instar contains then ix
less virus than 1f a corresponding instar would have sucked blood
from a non immune host.

These findings are of importance in working up tick suspensions

for virus isolation experiments. When ticks engorged with immune

blood are used, the latter can neutralize virus from infectious

ticks in the suspension, (evdoh
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cf the virus in eungorged ticks. 9¢'§;M2ggqp;ggﬁg§ adults engorged

on infectious animals 1, 10, 20 and 25 days after infectious feed-

ing. They found the virus in high titers (106) in the intestinal

tract for the whole observation period and in titers lower by

about one log unit in the salivary glands and ovaries. Small amounts

of virus (not titrated) were found in the Malpighian glands, brains
. and gland. No virus was found in the fat body and

chitine. The amount of virus in the ticks was on the 25th day the

same as on the 1lst day after engorgement. In this experiment the

ticks were infected with large amounts of virus so that the dyna-

mics of virus spread into the individual organs could not be de—

monstrated. In H. concinna ticks the virus was present also in

the intestinal tract and salivary glands, the latter having the
function of a kind of virus collector.

In the course of feeding on the host the ticks excrete consi-
derable amounts of feces, which are infectious. The feces represent
basically dried blood from the host, pPa:;a[gied thourkh the intesti-
nal tract of ticks. After engorgement, the ticks excrete also gua-
nine, from which, however, virus was not yet isolated.

When infectious larval and nymphal imstars of I, ricinus ticks

——
sucked blood from immune or non immune hosts, virus was present
id their feces in about the same amounts. In infectious females,
which fed on immune animals, the feces contained considerably less
virus nnmnnmnmnnnlthan was the case with females feeding on non
immune animals, _or no virus at all (Benda 1958 b).

The regularity with which the virus occurs in feces of ticks,
when the latter are infected with virus, led Rehédek (unpublished
data) to check the infectivity of I. ricinus females by examining

their feces for the pPresence of virus.

These findings are also of epidemiological importance. Tt is

Ry T Sanitized Copy Approved for Release 2011/01/19 : CIA-RDP80T00246A011900150001-3
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reasonable to assume that man can be infected by inhaling infec-

tious tick feces, e.g. when working with sheep wool or furs from
animals contaminated wité&niectious tick feces, or by inhalation
in a closed space (Bladkovi¥ 1960). It is not excluded either that
inhalation or ingestion of infectious feces can produce infections
of host animals (young) in their nests.

Evidence that the tick-borne encephalitis virus multiplies in
tick cells and that it rersists in them for long periods of time
in an active state led to the aim at culturing tick organs and
cells in vitro. In the Institute of Virology of the Czechoslovak
Academy of Sciences in Bratislava two cultivation methods have
been developed.

The first represents culturing of surviving tissues in vitro.
In this case the dissected organs survive in the nutrient medium
for about 10-20 days, but there is no cell proliferation. FO%EL
this whole period clear organ contractions could be observedéwitﬁ
the [inlpighian gland and sometimes also wréh the ovaries.

50 far, two problems have been investigated with surviving

tick tissues. It was possible to infect them with ultrafiltrates

of yolk sac cultures of Coxiells burneti and to obtain in them

after 14-16 days morphologically typical Coxiellae. Ixodes ricinus

and Dermacentor marginatus ticks were used. The development of

morphologicaily typical Coxiellae from the filtrates was delayed
as compared with the more rapid development in whole ticks (Kor-
dov4d and Rehddek 1959). «

We also tried to propagate arbor viruses in surviving tick
tissues, namely in the fat body and hypodermis, ovaries, Malpig-
hian and salivary glands. Tick-borne encephalitis and louping-ill
virus strains were wsed. Newcastle disease virus served as control.
There was no difference in the virus survival in the nutrient me-

dium with or without the tick tissues. Ho,’er, when using the eas-

tern equine encephalomyelitis (BEE) virus, it survived for econsi-
Sanitized Copy Approved for Release 2011/01/19 : CIA-RDP80T00246A011900150001-3
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derbly longer periods in medin with than without the tick tissues.
The survival of virus was the longest in the presence of tissues
of the fat body and hypodermis. In this case clear-cut multipli-
cation of virus was observed upon inoculating the surviving tissue
cultures with small inocula *Rehddek and Pesek 1960, Rehddek 1960).

St pig

A Mhoh more difficult, but more important is the cultivation
of proliferating tick cells. By chromatosraphic analysis it was
found that tick hemolymph contains large amounts ot glycides, we
therefore enriched the usual nutrient medium with dextrane. Hx-
plants from developing Dermacentor marvlnatus or D pictus adults
are placed in this medium. A two to threefold halo arouga the ex-
plant can be obtained, some cultures survive for more than 20
days. ilowever, the growing of larger amounts of cells and their
subcultures were as yet unsuccessful (Rehd&ek and Héna 1961).

Fig. 1, 2, 3

Although the work with tick tissue cultures for the propaga-
tion of arbor viruses was not yet very Successful, we will con-
tinue our efforts, because they could contribute to the elucida-
tion of several theoretical and practical problems involving the
bilological properties of the viruses & under consideration, their
diagnosis and epidemiology.

3. Transstadial and transovarial transmission of the tick-borne
encephalitis virus in ticks

There has been usually no difficulty in any laboratory to de-
monstrate transstadial transmission of the tick-borne encephalitis
virus in ticks, which represent its natural hosts. Any tick instar
can be infected with the virus ang the latter can be recovered
from a suspension or by allowing to feed the next starving instar
on a sgsceptible host. In this way it was pPossible to transmit the

hrough all instars of a generation
virus of both D. silvarum (Ryshov and

Sanitized Copy Approved for Release 2011/01/19 : CIA-RDP80T00246A011900150001-3
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Theamourt » viius in the subsequent instars of ticks decrea-
Aoeoin the course of trancocadial transmission, depending on the
immunit, or susecrtibilid; of the nost suimal. Yhen the tick is
feeding »r ru lnmane nost. qis oancease o the virus content in
the mext lnotar i5 more avonourced  senda 1358 a).

An Interesting probiem is e transovarial transmission of the
tick-born. necephalitis virus in ticke. The results reported are noi
uneguivocal. In interpreting them two circumstances must be taken
into account: virus in nature, the natural hosts of which are
certain wild animals and a certain species of ticks on the one hand ,
and virus passaged for long periods of time in laboratory animals
on tie other. Only experiments done with ticks and viruses origi-
nating from the same locality can be compared,

Transovarial transrmission was demonstrated in D. silvarum

(Skrynnik and Ryzhov 1941), H, concinna [iyzhov and Skrynnik 1939),

I. persulcatus {Serdyukova and Shubladze 1241, Shubladze 1944, Du-

e

mina 195%), I. ricinus {Chumakov 194

'

4, Benda 1958 a) and I. hexa-

gonus (Streissle 1960) ticks.

A regular transovarial transmission was reported especially
in the first studies on the role of ticks as vectors of tick-borne
encephalitis virus. Recently, however, transovarial transmission
in ticks from new localities is considered to be irregular (Dumina
1958, Denda 1958 a). Benda (1958 a) estimates the transovarial
transmission ;; 6% and is of the opinion that under the conditions
prevailing in Czechoslovakia the transovarial transmission of the
virus in 1I. ricinus ticks is infrequent in nature. Streissle (1960)

——— o~ 0 s .

obtained in I. hexagonus ticks a transovarial transmission rate of
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18%. There are several authors who could not demonstrate in their
experiments a transovarial transmission in different tick Species
(van Tongeren 1957, Gre&ikovi and Rehd ek, unpublished data).

It seems that these differences are not the result of different

methods used, but that they are a consequence of the conditions
£1458)

discussed above. According to Smorodintsev persenal-—oommuniga~
tien), in some foci in the U.S.S.R. &ore—shap 204 of ticks are
vectors and reservoirs of virus. It would seem that the virus is
more adapted to tick organs under these conditions than under the
conditions of Central Europe, where the natural foeci of infection
are not so valid.

4. Transmission of the tick-borne encephalitis virus by ticks
to host animals

Transmission of the virus by ticks to host animals Oor man takes
place either biologically (by bite of a starving tick) or mechani-
cally by the so-called interrupted feeding.

Biological transmission is the normal way of transmitting the
virus by means of ticks. In this way the virus cen be transmitted
to host animals by any of the tick instars. According to Petrish-
cheva and Levkovich (1949) a two-day-feeding of three infectious

larvae of I. ricinus or I. persulcatus is sufficient to cause en-
cephalitis in mice. One infectious I. ricinus female is sufficient
to cause fatal infection of a mouse (Benda 1958 b). The time for
which the ticks can transﬁit the virus is very long. In I. persul-
enera%I ns
catus it is 26 months and the virus passes through 3 gﬁﬁ-ﬁl‘ Chu-
makov 1944). The greatest amounts of tick-borne encephalitis virus
are exoreted by salivary glands of females, smaller amounts by
those of nymphs and the smallest by those of larvae (Benda 1958 b).
This is in contrast with the experiences of Soviet investigators

(Smorodintsev, personal communication), who recommend to collect

engorged females in the field =nd to use larvae hatched from them
Sanitized Copy Approved for Release 2011/01/19 : CIA-RDP80T00246A011900150001-3
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for virus isolation experinents.

After a bite by an infectious tick viremia of varying dura-
tion develops in susceptible hosts {the duration presumably de-
pends on the degree of susceptibility to infection). Viremia does
not occur in animals which acquired immunity following 2 previous

chaem agglvPAmation - 1nhibitiorn and
contact with virus. In their bloodlvirus neutralizing antibodies
can be detected. After a fresh infection with even small doses
of virus, the host animal dam produces also compnlement fixing anti-
bodies mmmwmem in addition to virus neutralizing antibodies.

It is reasonable to assume that also in nature virus transmis-
sion to an animal host can occur by an interrupted feeding. When
catching ticks, also partially engorged individuals are caught.
Under experimental conditions, virus transmission by interrupted

teeding was demonstrated in I. persulcatus males and females, in

the case of the females after a 4-hour-feeding on sick mice or
men, from whom the ticks were transferred after 3, 6, 7 or 8 days
on healthy mice, on which they fed until completely engorged .{Chu~
makov 1939, Shubladze and Serdyukova 1938). Virus transmission by

interrupted feeding was also demonstrated in D. silvarum (Skrynnik

and Ryzhov 1940). The Central Furopean strain of tick-borne ence-
phalitis virus could also be transmitted by interrupted feeding
of I. ricinus females to goats (GreX¥{ikov4d and Rehid¥ek 1959).

5. Hibernation of tick-borne encephalitis virus in ticks

One of the main problems of the biology of tick-borne encepha-
litis virus 1n nature is the persistence of virus during interepi-
demic periods or during those in which the ticks are inactive, 1i.e.
in winter. Levkovich and Skrynnik (1940) collected different tick
instars in the spring and tested them for presence of virus. Thus
they succeeded in obtaining several strains of the tick-borne ence-—
phalitis virus in the Khabarovsk region. Experimental studies on

transovarial transmission or on the persistence of virus for vary-
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ing periods of time and at different, including low, temperatures

offer unequivocal evidence gf that the tick-borne encephalitis vi-
rus hibernates in ticks. In our Institute, Rehiddek {1960) observ-
ed virus survival in engorged I. ricinus larvae for 102 days of
hibernation. He could recover the virus from the larvae on the 6th
and from the hatched nymphs from the 57th - 88th days after the
end of hibernation. Loew (1960) observed virus survival in ticks
after 8 months of winter rest in terraria with optimal biological

conditions.

IITI. Crimean hemorrhagic fever
Crimean hemorrhagic fever occurs in the Crimea and was also
found in Bulgaria and Central Asian Soviet Republics. The virus

was isolated from filtrates of Hyaloma plumbeum plumbeum ticks

from the field. Transmission to man takes place only by tick bite.
However, infections were reported of nurses who came into direot

contact with patients” blood. In 1944 in the Crimea tick bite was
reported in the anamnesis of 87.8% of patients and in the rest it
was not excluded. The distribution area of the disease corresponds

with that of H. plumbeum plumbeum and H. anatolicum ticks. H. plum-

e ]

beum larvae and nymphs were found the most often in hares, but no
—

virus could be isolated from their blood.

The period of activity of H. plumbeum ticks begins in April,

reaches a maximum in July and August and drops in September. The
ticks are living in the steppe on the ground, grasses and shrubs.
Both adults and nymphs of the ticks can feed on man. Transovarial

+transmission was demonstrated in H. plumbeum ticks. The virus can

overwinter in the ticks. (The above data are quoted after Chumakov
1957 and Gapochko et al. 1957).

We have presented some data on the relationship of viruses

eirculating in nature to ticks acting as their vectors or, eventual-
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ly, as their reservoirs. We are aware that we could not exhaust
all the problems in their whole width; we only pointed out some
of them, in which we are interested the most. We think that the
Gata reported will help to elucidate the ecology of tick-borne
viruses in nature with the aim to interrupt the circulationx of
these agents in order to prevent the danger of infection of man

and of economically important animals.
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